Background and Objectives: Numerous clinical studies have demonstrated chronic right ventricular (RV) pacing induced left ventricular (LV) dyssynchrony and LV systolic dysfunction in patients with permanent pacemaker. However, only a limited number of studies have focused on RV dysfunction. We sought to determine the prevalence and identify the clinical predictors of RV dysfunction in patients with chronic RV pacing. Subjects and Methods: We enrolled 72 patients (mean age 72.7±11.1 years, men 36.1%) who underwent permanent pacemaker implantation without RV dysfunction in baseline examination. Baseline clinical characteristics, laboratory data, echocardiographic parameters and pacing profiles were assessed. Follow up 2-dimentional echocardiography was used to identify the presence of RV dysfunction. Results: We divided patients based on the criteria of either presence or absence of RV dysfunction, where RV dysfunction is defined as decreased tricuspid annulus systolic velocity (<11 cm/sec) in tissue Doppler image. Sixteen patients (22.2%) in our study showed meaningful RV dysfunction. Patients with RV dysfunction had lower LV ejection fraction (57.5±10.8% versus 64.6±9.1%, p<0.05) and higher B-type natriuretic peptide (BNP) levels (700.3±152.9 pg/mL versus 329.4±332.4 pg/mL, p<0.05) compared to patients without RV dysfunction. Implantation of VVI type pacemaker was associated with presence of RV dysfunction (81.3% versus 33.3%, p<0.05). Higher cumulative ratio of total RV pacing was associated with increased tendency for RV dysfunction. No statistically significant correlation was observed between the groups (70.7±13.2% in RV dysfunction group, 61.7±38.3% in non-RV dysfunction group, p=0.094). Conclusion: In this study, meaningful proportion of patients showed chronic RV pacing induced RV dysfunction. RV dysfunction was associated with lower LV systolic function, higher BNP level and VVI type pacemaker.
Introduction
Cardiac pacing at right ventricular (RV) apex is an effective and well-established therapy for patients with sick sinus syndrome and atrioventricular conduction disturbance. In most cases, permanent pacing is well tolerated without serious complications. However, increasing number of studies indicate association of conventional RV pacing with left ventricular dysfunction and unfavorable clinical outcomes. 1, 2 Cardiac resynchronization therapy has been proposed to attenuate left ventricular (LV) systolic dysfunction. 3 In contrast, it has not been thoroughly investigated whether RV pacing could influence RV function.
The aim of this study was to assess the prevalence and identify the clinical predictors of RV dysfunction in patients with permanent pacemaker. 
Subjects and Methods

Patients
Echocardiographic assessment
Standard echocardiography was performed using Vivid TM 7
(GE, Milwaukee, USA) echocardiograph with a 2. 
Results
Among 72 consecutive patients (mean age 72.7±11.1 years, male 36.1%) who were enrolled for study, 16 patients showed new onset RV dysfunction as assessed by echocardiography. There were no statistically significant differences in age, gender and co-morbidity in patients with or without RV dysfunction (Table 1) .
Patients with RV dysfunction had higher initial serum B-type natriuretic peptide (BNP) level (700.3±152.9 pg/mL in patients with RV dysfunction, 329.4±332.4 pg/mL in patients without RV dysfunction, p<0.05) compared to patients without RV dysfunction ( (Table 3) .
Discussion
In the present study, we demonstrate that a notable proportion of patients with permanent pacemaker had RV dysfunction and this was associated with lower LV ejection fraction, nonsequential AV pacing mode and elevated serum BNP levels. demonstrates the effects of long term RV apical pacing induced myocardial perfusion defects on nuclear studies. 9 The magnitude of these defects is proportional to the duration of pacing and degree of LV dysfunction. In-vivo studies have shown that myofibrillar disarray, 10 redistribution of myocardial fiber strain Many patients with permanent pacemaker have right side heart failure symptoms that leads to development of tricuspid regurgitation. 16, 17 In contrast, RV dysfunction showed no significant correlation with presence of meaningful tricuspid regurgitation in this study. This suggests that chronic RV pacing could lead to right heart failure without clinically significant TR and associated RV dysfunction.
Serum BNP level usually reflect increased LV filling pressure resulting from LV systolic and diastolic dysfunction. In a particular study, correlation between BNP levels and indexes of pulmonary artery and right ventricular end-diastolic pressures was identified. 18 In this study, serum BNP levels were significantly higher in patients with RV dysfunction suggesting the utility of this biomarker in early stage detection of RV dysfunction.
It is difficult to make exact measurement of RV function and various modalities have been proposed for this purpose. But in this study, we defined presence of RV dysfunction only using Doppler derived tricuspid lateral annular systolic velocity. Despite it is one of the most widely used methods, it is not sufficient to define RV function with one modality. And it was not clear that pacing induced LV dyssynchrony was associated with RV dysfunction in this study. Additional assessment should be performed for answering these questions.
Conclusion
In this study, significant proportion of patients showed chronic RV pacing induced RV dysfunction. RV dysfunction was associated with lower LV systolic function, higher BNP levels and VVI type pacemaker.
